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ABSTRACT 



A dual mode control system is disclosed wherein the 
changeover from one mode to the other is made by the 
use of time ratio switching. A pulse generator produces 
a series of pulses whose duty cycle varies from zero to 
one hundred percent and controls a switching element 
to accomplish the changeover in accordance with the 
percent duty cycle. 
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TIME RATIO SWITCHING CONTROL SYSTEM FIG. 4 illustrates another form of control device 

This application is a division of application Ser. No. changing its mode of operation in accordance with the 

883,221, filed Dec. 8, 1969, how U.S. Pat. No. pulses from the pulse generator. 

3,637,3 19, entitled "Dual Mode Control Changeover Referring to FIG. 1, there is illustrated a pulse gener- 
System and Technique." 5 ator suitable for use in the present invention. The pulse 
this invention relates generally to multi-mode con- generator as illustrated generally comprises a unijunc- 
trol systems wherein it is desired to changeover from tion relaxation oscillator producing a ramp output volt- 
one mode of operation to another without introducing a S e » a source of variable voltage, a comparator for 
transients in the controlled system. A specific example comparing the variable voltage and the ramp voltage to 
of this is in the field of steam turbine-generator control 10 P roduce an output pulse proportional to the tome one 
systems, where it is desired to switch from "partial arc" input exceeds the other and an inverting amplifier con- 
; llf „ „ * i r pt. " i) — — — j , roiitac #■«-» nected to the output of the comparator, 
to full arc control. The arc referred to relates to * *i_ • u . . 

... . , Specifically, in FIG. 1 there is shown a unijunction 

the steam inlets to the turbine positioned around the , K . J \„ ^ tn ./ n • , 

. J™ " . * relaxation oscillator 10 comprising a capacitor 11 and 

periphery thereof. 15 unijunction transistor 12 coupled in a timing circuit 

As is known, it is desirable to operate a steam f J hef fac a Mlg U>T 13 connected to the ca- 
turbine-generator under "full arc control dunng start- f x ^ ^ u and lg are connected to 
up and when the generator is run under changing and transistors 13 and 12i respectively. The series network 
full load conditions. This reduces the thermal stresses 16 ^ 1? |de a SQUrce of bias signa , for tne base 
built up in the turbine. Under steady, partial load con- 20 of transistor 13 , Also connected between the supply 
ditions, it is desirable to run the generator under "par- terminals 18 and 19 is a variable resistor 20 having a 
tial arc" control. This is achieved by fully opening the tap connecle d as one input to operational amplifier 21. 
stop valves, which are upstream from the control A secon( j j nput of operational amplifier 21 is con- 
valves, and opening the control valves sequentially and nected to the junction of the capacitor 11 and transis- 
in variable amounts. In the full arc mode, the control 25 tor 13. The output of operational amplifier 21 is con- 
valves are fully opened and control is achieved through nected to an output terminal 22 and also to the input 
the simultaneous actuation of the stop valves. of operational amplifier 23 which provides an inverted 

With the above considerations in mind, it is therefore or complementary output to output terminal 24. 
an object of this invention to provide a control mode The operation of the circuit of FIG. 1 may best be de- 
changeover system wherein the changeover is made 30 scribed utilizing the waveforms illustrated in FIG. 2. At 
using time ratio switching. an initial time T 0 , with no charge on the capacitor 11, 

It is a further object of the invention to provide a con- a maximum voltage drop occurs across transistor 13 

trol mode changeover device wherein the changeover and resistor 14 which is coupled as one output to the 

is made with a minimal amount of induced transients in operational amplifier 21. This voltage is shown in FIG. 

the controlled device. 35 2 as V 0 . As time passes, a charge accumulates on ca- 

It is another object of the invention to provide a con- pacitor 1 1 decreasing the voltage drop across the tran- 

trol mode changeover device wherein the changeover sistor 13 and resistor 14. At a particular voltage on ca, 

is made by a switching device operating in accordance P acitor 1 *» the unijunction transistor 12 fires, discharg- 

with an input signal of variable duty cycle. 40 ™$ capacitor 1 1 and returning the voltage drop across 

Itisyetanotherobjectofthedevicetoprovideanim- 40 transistor 13 and .resistor 14 to its maximum value. This 

proved multiple mode control device for a steam is done repeatedly in the manner of a relaxaUon osc.lla- 

r tor and produces the output waveform illustrated as 

ur ine-gcnera . * rt ^^,\a^ * V 0 . Transistor 13, which acts as a variable resistor in 

It is a further object of the invention to provide a j % A r • *u n 
. ■ . ui ^ the RC circuit 11, 13, and 14, linearizes the ramp volt- 
mode changeover system suitable for use with dual 45 y 

admission-valves in a steam turbine control system %, e ° voltage on tap 25 of varia51e resistor 20 is illus . 

It ,s another object of the invention to provide a sys- ^ fa ^ 2 as * Operational amplifier 21 com- 

tem wherein a changeover is made between two modes es ^ ^ terminals and 

of operation by alternately using the two modes of op- duccs an output pulse p roportiona i t0 the length of 

eration and progressively using one more than the 50 time the ramp vo | tage y 0 generated by unijunction os- 

other until a changeover is made from the other mode cUlator 10 u , ess than the input vohage y ^ Jh ^ &s 

to the one. shown in FIG. 2, operational amplifier 21 produces a 

The invention comprises a pulse generator for pro- series of 0UtpiiX pulses progressively increasing in duty 

ducing series of pulses of progressively varying duty cy- cyclc ffom 2ero tQ , 00 percentt Operational amplifier 

cles and a control system connected to the pulse gerier- 55 ^ produces an mV erted version of this waveform and 

ator which, in response to the pulses, progressively supplies it to output terminal 24. 

swilchesfrom one mode of operation to another. At tmie y Qt tne voltage of tap 25 is at or near that of 

The invention may be best understood by considering pomt 26. The ramp voltage is not lower than this volt- 

the following description taken in conjunction with the ^ agc and therefore the output of amplifier 21 is a pulse 

drawings in which: series of 100 percent duty cycle. When the other mode 

FIG.. 1 illustrates a specific form of the pulse genera- of operation is desired, tap 25 is moved to point 27. As 

tor for use in the invention. it is moved, the voltage Vi at the tap increases so that 

FIG. 2 illustrates a series of waveforms helpful in un- the ramp voltage generated is less than the voltage V, 

derstanding the operation of the invention. ^ for progressively longer periods of time until it is always 

FIG. 3 illustrates a specific form of control apparatus less than V,. At this time, T u the output of amplifier 21 

which varies from one mode of operation to another is a series of pulses of zero percent duty cycle, i.e., no 

under the control of pulses from the pulse generator. pulses. Thus, it can be seen from FIG. 2 the output of 
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amplifier 21 is a series of pulses changing from 100 per- speed-load signal and valve closing bias signal are 

cent to 0 percent duty cycle during the transition pe- shunted to ground by switches 43 and 44 and therefore 

r j 0( j are not applied as an input to the second bank of opera- 

The transition period, T 0 to T, p may take as many cy- tional amplifiers, thereby rendering them inactive, 

cles of the oscillator 10 as desired provided enough cy- 5 When the input signals to the switching elements re^ 

cles occur, that the changeover is not abrupt. verse, switches 41 and 42 will be in the "on" state and 

The position of tap 25 can be varied by any suitable switches 43 and 44 will be in the il ofF' state. Thus, 
means (not shown) such as a motor or by hand. How- switches 41 and 42 shunt to ground the input signals to 
ever the variable resistor 20 is operated, it should be the first bank of operational amplifiers and the switches 
noted that it has the capability of providing an inter- 10 43 and 44 permit the speed-load signals and the valve 
rupted changeover procedure. That is, not only can the closing bias signal to be applied as an input signal to the 
changeover from a full arc to partial arc mode, and vice second bank 39 of operational amplifiers, 
versa, be made, but also the changeover procedure can When the switches 41 and 42 are in the "off" state, 
be stopped at any point and reversed. That is, halfway the valve closing bias signal counteracts the valve open- 
between full arc mode the changeover procedure can 15 j„g signal rendering the first bank of operational 
be stopped and returned back to the partial arc mode amplifiers snesitive to the speed-load signals from 
as shown in FIG. 2. The use of variable resistor 20 as sources 52 and 53. With switches 43 and 44 in the "on" 
a source of voltage V t is by way of example only. Any state> ^ on iy i npu t signal to the second bank of opera- 
suitable source producing Vi may be used. tional amplifiers is the valve opening bias signal from 

FIG. 3 illustrates, in block form, one embodiment of 20 source 50. This renders the control valves full open and 

a suitable dual mode control apparatus for carrying out the system functions in the full arc mode. When the sit- 

the present invention. The control apparatus comprises ua tion is reversed and switches 41 and 42 are in the 

a first bank 30 of operational amplifiers 31-34 which ,. on ., state and t h e switches 43 and 44 are in the "off" 

serve to control the stop valves in an electro-hydraulic sta te, the only signal applied as an input to the first 

control system and a second bank 39 of operational 25 bank of operationa! amp | ifiers is the va i ve openmg ^ias 

amplifiers 35-38 which serve to control the control signal The valye c i os ing bias signal and the speed-load 

valves in an electro-hydraulic control system. Each am- signal are bunted to ground. Under these circum- 

plifier has as one input a valve opening bias signal from Btances> th e first bank of operational amplifiers opens 

a source 50 applied over coupling resistors 110-117 to ^ stQp ^ yes completely and enables the control cir- 
operational amplifiers 31-38 respectively. Each amph- ™ cu i t to function in the partial arc mode. The valve clos- 

fier also has applied to one of its input terminals a valve ing ^ g . - a , jg Hed as an input signal to the second 

closing bias signal which is equal to and counteracts the faank of operationai amplifier circuits and counteracts 

valve opening bias signal. The valve closing bias signal ^ ^ ni bjas si , enabling the seC ond bank 

from terminal 51 is coupled to the first bank^of opera- Qf Q tional amplifier circuits to be actuated by the 

tional amplifiers by way of resistor 150, which serves as c ^. load signals . ^ reIative proportioning by the 

a proportioning element, and resistors 130-133. The {n ^ . clm ^ ^ 

valve closing bias signal i» coupled to the second bank ■ colltro , mode 

39 of amplifiers by proportioning resistor 155 and input ^ ^ c ^ Qf ^ e]&m ^ ts 

resistors 134-137 respectively. A speecl signal and a operational amplifier banks may have any de- 

load signal are propornonately summed b resistors p ro P portion ing. The switching means 40 can also 

151 and 152 and together applied as a third signal to / ^ ■ T - * j *u * 1 p *u 

the input terminal of the first bank of amplifiers by way be of any desired variety under the con ro of the 

of elements 120-123 respectively. The speed signal and from * e P^se generator illustrated ,n 

load signal are also summed proportionately by ele- ^ 2 For example the switches may be of the ele- 
ments 153 and 154 and are applied to a third input ter- 45 tromechanical variety or t™s,stonzed. 

minal of the second bank of operational amplifiers by Tte f sho ™ ™ : \ 18 an ° th * r ™ h <*™™} 

way of coupling elements 124-127. Also, shown in of dual mode control apparatus suitable for use with 

FIG. 3 is a switching means 40 comprising four switch- what is ^ nown »" . the . art as dual admission valves, 
ing elements 41-44 which determine which set of <n These valves combine in one set of valves the functions 
valves is activated. Switch 41 is connected to the valve 50 performed by the stop and control valves used with the 

closing bias signal input of the first bank of amplifiers. circuit of FIG. 2. In this circuit, a single operational am^ 

Switch 42 is connected to the speed load signal input P^r 60 receives as one input signal speed and load 

line of the first bank of operational amplifiers. signals proportionately summed by elements 161 and 

Switch 43 is connected to the closing bias signal line 162 and coupled to the operational amplifier by cou- 

of the second bank of operational amplifiers. Switch 44 pHng element 165. Operational amplifier 60 receives as 

is connected to the speed load input line of the second another input signal a valve closing bias signal coupled 

bank of operational amplifiers. These switches, when to the input by way of proportioning element 163 and 

activated; serve to shunt their respective lines to coupling element 164. A switching means 70 compris- 

ground thereby eliminating that input from its respec- ing switching elements 71 and 72 are connected to 

tive bank of amplifiers. shunt on| y a portion- of the input signals to ground, 

The overall operation of the circuitry shown in FIG. thereby allowing the amplifier to operate at two levels: 

3 is as follows: of amplitude for a given set of signals. In this embodi- 

Assuming switches 41 and 42 to be in the "off" or ment, switches 71 and 72 function together from the 
open state and switches 43 and 44 to be in the "on" or 65 same source of signal from the pulse generator as 

closed state, the speed and load signals and valve clos^ shown in FIG. 2. However, they could also function in 

ing bias signals are applied to the first bank 30 of opera- an opposite fashion as with the two banks of control el- 

tional amplifiers thereby rendering them active. The ements in FIG. 3, depending upon the type of switching 
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element chosen and the input bias signal to the switch- 
ing elements. 

Having thus described the invention, it will be appar- 
ent to those of ordinary skill in the art that many modi- 
fications can be made achieving the same objectives as 5 
the present invention and falling within the scope of the 
present invention. 

What we claim as new and desire to secure by Letters 
Patent of the United States is: 

1. In a control shifting device for changing from one to 
mode of operation to another a controllable mecha- 
nism having more than one mode of operation, the 
change beting accomplished with a minimum of tran- 
sient effect on the mechanism, the combination com- 
prising 

pulse generating means, having at least two outputs, 
for producing at one output a series of pulses vary- 
ing from zero percent to 100 percent duty cycle 
and producing at a second output the complement 
of said first series of pulses, 

at least two control means, each operating said mech- 
anism in a particular mode, and 

switch means connected to the outputs of the pulse 
generating means for activating each control 
means in accordance with the duty cycle of each 25 
series of pulses. 

2. The combination according to claim 1, wherein 
the pulse generating means comprises: 

a unijunction transistor oscillator producing a repeti- 
tive ramp voltage, 

a source of; time varying voltage, 

comparator means producing a series of pulses whose 
duty cycle is proportional to the length of time said 
time varying voltage exceeds said ramp voltage, 
and 

inverting means coupled to said comparator for pro- 
viding the inverse of the pulse series produced by 
the comparator. 

3. The combination according to claim 1 wherein 
each of said control means comprises: 

a plurality of operational amplifiers, each adapted to 



30 
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40 



be coupled in parallel to a set of control signals, 
wherein said switch means are connected to block 
or pass the control signals going to each of said plu- 
rality of amplifiers. 

4. The combination according to claim 3, wherein 
the pulse generating means comprises: 

a unijunction transistor oscillator producing a repeti- 
tive ramp voltage, 

source to time varying voltage, 

comparator means producing a series of pulses whose 
duty cycle is proportional to the length of time said 
ramp voltage exceeds said time varying voltage, 
and 

inverting means coupled to said comparator for pro- 
viding the inverse of the pulse series produced by 
the comparator. 

5. In a control shifting device for changing from one 
mode of operation to another a controllable mecha- 
nism having more than one mode of operation, the 
change being accomplished with a minimum of tran- 
sient effect on the mechanism, the combination com- 
prising: 

pulse generating means having an output for produc- 
ing at said output a series of pulses varying frorn 
zero to 100 percent of duty cycle, or vice-versa, 

control means for operating said mechanism in one 
of several modes, depending upon an input signal 
supplied to the control means, and 

switch means connected to the output of the pulse 
generating means and coupled to the control 
means for modifying the input signal to the control 
means in accordance with the duty cycle of the 
pulses. 

6* The combination as set forth in claim 5 wherein 
said control means comprise: ~ 

operational amplifier means having a plurality of par- 
allel input impedance circuits, and 

wherein said switch means is connected to said input 
circuits so as to vary the impedance of said input 
circuits. 
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